| IN TR ODUC TION
The control of eyeball position and movement is complex and involves numerous interconnected neural structures and pathways. The vestibular system, and its connections to the muscles for eye movement, is responsible for maintaining the position of the eyes relative to the position and movement of the head. [1] [2] [3] A large number of pathways also exist for the initiation and control of saccadic eye movements, which are required to voluntarily move gaze from one target of interest to another. These gaze fixing and gaze shifting mechanisms allow for accurate focusing on objects within the visual field. 4 Interruption to the normal functioning of these pathways can result in involuntary eye movements, observed clinically as inappropriate, to-and-fro oscillations of the eyeballs. Disorders affecting the control of eye movements by the vestibular system result in a form of spontaneous eye movement called a jerk nystagmus. [1] [2] [3] These oscillations, which can be horizontal, vertical or rotatory/torsional, are characterized by a smooth, drifting eye movement followed by a fast corrective phase. In contrast, disorders affecting the control of saccadic eye movements result in forms of saccadic oscillations that are initiated by a fast, saccadic eye movement rather than having an initial slow drift phase. 4, 5 While there are numerous publications in human medicine focusing on the description, classification and pathophysiology underlying different forms of involuntary eye movement, information regarding the occurrence and potential importance of movements other than nystagmus is currently limited in veterinary medicine. The aim of our article is to raise awareness of other forms of involuntary eye movement that can be observed in dogs and cats. The clinical histories of four dogs and one cat presenting with eye movements that appeared consistent with forms of saccadic oscillations described in human medicine are reported, and the potential relevance of these different eye movements in veterinary medicine is discussed.
| Case 1
A 1-year, 7-month-old male neutered Cocker Spaniel-Poodle cross breed dog presented with a 4-day history of ataxia and generalized tremors. Bilateral, mild otitis externa was the only abnormality detected on general physical examination. Neurological examination revealed an alert mentation, ataxia of all limbs with a cerebellovestibular nature, falling to the right side, delayed and dysmetric hopping in the right thoracic and pelvic limbs, and severe generalized tremors of the whole body that worsened with excitement or handling. Proprioceptive positioning was normal in all limbs. Cranial nerve examination revealed a right head tilt, positional ventrolateral strabismus in the right eye on head elevation, and rapid, conjugate, spontaneous eye movements, without a drift phase, occurring randomly in all directions (Supporting Information Video S1). These eye movements were considered to be most consistent with those defined as opsoclonus in human medicine. [4] [5] [6] The neuroanatomic localization was a diffuse encephalopathy, particularly affecting the cerebellovestibular system. Abnormalities were not detected on hematology and serum biochemistry. Serum Neospora caninum antibody testing was negative at 1 : 50 dilution. Magnetic resonance imaging (MRI) of the brain (Achieva 1.5T, Philips
Medical Systems, Best, the Netherlands) did not reveal abnormalities.
Cerebrospinal fluid (CSF) collected from the cisterna magna had an ele- No relapse or other medical problems were reported at telephone follow-up one year after initial presentation.
| Case 3
A 6-year-old female American Staffordshire Terrier presented with a chronic, progressive history of balance loss. Her owners reported that quick changes in direction, head shaking, or attempts to descend stairs would result in falls. On evaluation, she was bright, alert, and responsive but with ataxia of all limbs that had both a vestibular (veering off a straight line in both directions) and a cerebellar quality (hypermetria).
Cranial nerve examination revealed inconsistent menace responses in both eyes, with apparently normal vision in that she could still track objects. Small head movements elicited rapid, low amplitude, multidirectional eye movements without a drift phase, consistent with opsoclonus. PO q12h for 1 month, then q24h until follow-up). 9 The cat was clinically normal at recheck examination, and the prednisolone dose was gradually tapered over the next 2 months, without a recurrence of clinical signs. This complete resolution of clinical signs without relapse was considered inconsistent with that reported for cats with FIP.
| D ISCUSSION
The neural control of eye movements is complex and despite intensive research in human medicine over greater than three decades, the precise pathways and mechanisms of control are still incompletely understood. Disorders affecting the control of saccadic eye movements present as spontaneous, rapid, saccadic oscillations, without the initial drift phase that distinguishes them from jerk nystagmus. [4] [5] [6] 11 Such disorders are widely recognized in human medicine, with classification dependent on the waveform and nature of the spontaneous eye movements. Differentiating between these forms of involuntary eye movement is important, as certain movements might be highly suggestive for a specific neuroanatomical localization or a certain disease process. Only anecdotal reports with inconsistent terminology have been used to describe naturally occurring saccadic oscillations in veterinary medicine until a recent case series describing convergence-retraction nystagmus in 3 dogs with lesions in the dorsal midbrain. 12 The alternative term convergence-retraction pulses has been suggested in human medicine to differentiate this form of saccadic oscillation from a true nystagmus. 5 Other forms of saccadic oscillations described in human medicine include opsoclonus and macrosaccadic oscillations. Opsoclonus is characterized by bursts of rapid, multidirectional (horizontal, vertical, and rotatory) eye movements without an interval between saccades. [4] [5] [6] 11 If these movements are restricted to the horizontal plane then they are termed ocular flutter. 4, 6 The term "opsoclonus" is used in one veterinary textbook to describe "rapid abnormal eye movements" seen as an adverse effect of propofol administration, 13, 14 and in another textbook
as "a form of rapid pendular nystagmus in which the excursions of each eye are of equal speed and distance" seen in association with idiopathic generalized tremor syndrome in dogs. 1 While the latter description appears similar to ocular flutter in human medicine, neither describe the chaotic, multidirectional nature of true opsoclonus. [4] [5] [6] 11 Rapid multidirectional eye movements have been described anecdotally in dogs with idiopathic generalized tremor syndrome, consistent with those observed in Cases 1 and 5 of this report. 14 The most common etiologies underlying opsoclonus in human patients are parainfectious (eg, viral) encephalitis, with presumed cerebellar involvement, or as a paraneoplastic syndrome secondary to distant tumors of the lung, breast or ovary in adults, and neuroblastoma in children. 6, 11 Idiopathic generalized tremor syndrome is a presumed sterile inflammatory central nervous system disease 1, 15 ; therefore, the observation of opsoclonus in these cases might be analogous to that described secondary to certain forms of encephalitis in humans. Idiopathic opsoclonus occurs in humans and is associated with a spontaneous remission and good prognosis in the majority of patients. 6 This might be similar to the presenta- 
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Macrosaccadic oscillations consist of runs of horizontal saccades that are induced when shifting gaze. These abnormal saccadic movements spontaneously build up and then decrease in amplitude, oscillate around a fixation point and are separated by a normal intersaccadic interval of 200 ms. 4 To the author's knowledge, this distinctive form of eye movement has not been previously reported in veterinary medicine. The term "saccadic dysmetria" has been used to describe the ocular motor abnormalities observed in young Coton de Tulear dogs with neonatal cerebellar ataxia. 18 However, a further description of these eye movements is not provided to enable comparison to those described in human medicine. Macrosaccadic oscillations are most frequently observed in human patients with destructive lesions affecting the cerebellar nuclei, 2 but they have also been described in association with hereditary cerebellar ataxias 19 and rarely after lesions to certain pontine structures. 20, 21 The Dachshund with suspected macrosaccadic oscillations in our study (Case 4) was diagnosed with NCL and had both clinical signs and MRI changes consistent with cerebellar disease. Given the association between this type of eye movement and cerebellar disease in humans, we suspect the Dachshund's ocular signs resulted from cerebellar degeneration, but lesions involving the retina or other regions of the brain affected by NCL could have also been responsible.
While the cases described in our study presented with striking involuntary eye movements that appeared consistent with those described as opsoclonus and macrosaccadic oscillations in human medicine, some caution must be applied in this interpretation. In-depth analysis of involuntary eye movements in human medicine relies upon complex electrophysiological testing to track and record these movements, such as electronystagmography or electrooculography. 22 These tests were not used to definitively characterize the eye movements observed in the cases 
